Cinoxacin, 1-ethyl-4(1H)-oxo-(1,3)diaxdo(4,5-g)cinnoline-3-carboxylic acid, is a new antibacterial agent (6) with activity similar to that of nalidixic acid and oxolonic acid, which are effective in vitro against Salmonella and Shigella strains (1, 4) .
Because of the emergence of chloramphenicol-and ampicillin-resistant Shigella and Salmonella strains, we tested cinoxacin against recent isolates of nontyphoid Salmonella and Shigella strains and compared its activity with that of ampicillin and chloramphenicol.
MATERIALS AND METHODS
Twenty-six strains of nontyphoid Salmonella and 44 strains ofShigella isolated recently in Israel were tested. The strains were typed by the Shigella and Salmonella reference laboratories of the Ministry of Health. Included were nine strains of Salmonella typhimurium, five strains of S. heidelberg, four strains of S. anatum, two strains of S. dublin, and one strain each of S. carmel, S. sofia, S. muenchen, S. newport, S. blackley, and S. lille. The Shigella strains included: 12 S. sonnei, 14 S. flexneri, 18 S.
boydii. All strains were kept in lyophilized form.
Organisms were incubated overnight at 37°C in Mueller-Hinton broth before testing.
Antibacterial activity was determined by antibiotic dilution methods performed in Mueller-Hinton agar by use of a Steers replicator device (5). The inoculum used was a 10-2 dilution of an overnight broth culture of each strain tested. The minimal inhibitory concentration (MIC) was defined as the lowest concentration of the drug that inhibited macroscopic colonial growth.
Stock solutions containing 1,000 jug of cinoxacin or 1,000 p*g of ampicillin per ml were prepared in phosphate buffer (pH 7). Chloramphenicol was dissolved in dimethyl sulfoxide and water to a concentration of 500 ,ug/ml. All stock solutions were stored at -20°C and used within 2 weeks.
RESULTS
The mean MIC of cinoxacin for inhibition of Salmonella typhimurium was 2.8 ,ug/ml (range, 1.5 to 4.5 ug/ml). The mean MIC of ampicillin was 51.2 ,ug/ml (range, 2.5 to >100 ,ug/ml). Four of the nine strains tested were resistant to 100 ,g of ampicillin per ml. The mean MIC of chloramphenicol was 14.8 ,ug/ml (range, 3.1 to 50 ,g/ml). The mean MIC for S. heidelberg was 2.1,g/ml (range, 1 to 3.5 ,ug/ml).
The mean MIC of ampicillin was 22 ,ug/ml (range, 2.5 to >100 ,ug/ml). One strain was resistant to 100 ,g of ampicillin per ml. The mean MIC of chloramphenicol was 28.5 ,g/ml (range, 0.35 to >100 ,ug/ml). One strain was resistant to 100 ,ug of chloramphenicol per ml. The mean MIC of cinoxacin against S. anatum was 2.5 ,ug/ml; that of ampicillin was 38.12 ,ug/ ml, and that of chloramphenicol was 33.5 ,g/ ml. In this group there was one isolate resistant to ampicillin and one resistant to chloramphenicol.
Of the group including S. dublin, S. carmel, S. sofia, S. muenchen, S. newport, S. blackley, and S. lille, the mean MIC of cinoxacin was 3 ,ug/ml. The mean MIC of ampicillin was 28.75 ,ug/ml, and that of chloramphenicol was 11.87 ,ug/ml. The cumulative percentage of all Salmonella isolates inhibited by cinoxacin, ampicillin, and chloramphenicol is shown in Fig. 1 .
Whereas nine of our Salmonella strains were resistant to 100 ,ug of ampicillin or chloramphenicol per ml, all strains were susceptible to 4.5 ,g or less of cinoxacin per ml. Except for one strain each of S. heidelberg and S. sofia, against which the MIC of chloramphenicol was lower than that of cinoxacin, for all strains tested, the MIC of cinoxacin was lower than that of either ampicillin or chloramphenicol. The mean MIC of cinoxacin against all Salmonella strains was 2.8 ,g/ml, whereas that of ampicillin was 36.5 ,g/ml and that of chloramphenicol was 19.5 Ag/ml. Shigella strains. The mean MIC of cinoxacin against Shigella sonnei was 1.31 jig/ml (range, 0.7 to 3.1 Ag/ml). The mean MIC of ampicillin was 14.7 ,ug/ml (range, 4.5 to 25 ,ug/ml). The mean MIC of chloramphenicol was 19 ug/ml (range, 0.7 to >100 Ag/ml). Two strains were resistant to at least 100 ,tg of chloramphenicol per ml.
s I
The mean MIC of cinoxacin against S. flexneri was 1.34 (range, 0.7 to 1.5 ,g/ml). The mean MIC of-ampicillin was 10.7 ,ug/ml (range, 1.5 to 25 ,.g/ml). The mean MIC of chloramphenicol was 2.24 ,ug/ml (range, 0.5 to 4.5 ,ug/ ml). The mean MIC of cinoxacin against S. boydii was 2.27 ,g/ml (range, 1 to 2.5 ug/ml).
The mean MIC of ampicillin was 29.3 ug/ml (range, 7.5 to >100 ,ug/ml). Three strains were resistant to 100 ,ug of ampicillin per ml. The mean MIC of chloramphenicol was 2.62 ug/ml (range, 0.7 to 3.1 ,ug/ml).
The cumulative percentage of all Shigella strains inhibited by cinoxacin, ampicillin, and chloramphenicol is shown in Fig. 2 
